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brain computed tomography (CT) or MRI. All patients with acute IS were further classified according to the TOAST criteria: large-artery atherosclerosis (LAA), small-artery occlusion (SAO), cardioembolism (CE), stroke of other determined pathogenesis, and stroke of undetermined pathogenesis. 10 Subtype classification was based on patient's features combined with the results of 1 or more diagnostic tests, including brain imaging (CT and MRI), EKG, echocardiography (transesophageal or transthoracic), imaging of extracranial and intracranial arteries (carotid duplex, transcranial Doppler, CT angiography, magnetic resonance angiography, or digital subtraction angiography), and laboratory assessments for a prothrombotic state. At least 2 study neurologists from each participating hospital reviewed the clinical features and diagnostic tests results, and then gave the subtype classifications. These neurologists were trained centrally and the diagnostic criteria of subtype classifications were consistent across all participating hospitals: (1) Patients with LAA had clinical and brain imaging findings of either significant (≥50%) stenosis or occlusion of a major brain artery or branch cortical artery. Clinical findings included cerebral cortical impairment (eg, aphasia, neglect, apraxia, anopia, restricted motor involvement) or brain stem or cerebellar dysfunction. Infarct areas were >1.5 cm in diameter on CT or MRI. (2) Patients with SAO had one of the traditional clinical lacunar syndromes (including pure motor stroke, pure sensorimotor stroke, pure sensory stroke, ataxic hemiparesis, or clumsy hand dysarthria) and did not have evidence of cerebral cortical dysfunction. Infarct areas were <1.5 cm in diameter on CT or MRI. A history of HTN or diabetes mellitus supports the clinical diagnosis. Evidence of cardiac sources of embolism was absent and large extracranial arteries had a stenosis of <50% in an ipsilateral artery. (3) Patients with CE had at least one cardiac source for an embolus, including rheumatic mitral valve disease, nonvalvular atrial fibrillation, sick sinus syndrome, recent myocardial infarction (<4 weeks), cardiac thrombus, valvular vegetation, akinetic left ventricular segment, atrial myxoma, dilated cardiomyopathy, prosthetic mitral or aortic valve, and paradoxical emboli. Clinical and brain imaging findings are similar to those described for LAA. The angiogram or ultrasonogram does not show significant (≥50%) stenosis or ulcerated plaques in the proximal large-artery supply. (4) Patients with stroke of other determined pathogenesis had rare causes of stroke, including nonatherosclerotic vasculopathies, hypercoagulable states, or hematologic disorders. (5) Stroke of undetermined pathogenesis was defined when any of the following criteria were met: (a) no cause was found despite an extensive evaluation; (b) a most likely cause could not be determined because >1 plausible cause was found; or (c) undetermined pathogenesis attributable to incomplete evaluation. As there were a few patients in the stroke of other determined pathogenesis subtype (1.6%), these patients were combined with the stroke of undetermined pathogenesis subgroup and defined together as "Other." Hence, patients with IS in this study were classified into 4 subtypes (LAA, SAO, CE, and "Other"). HTN was defined when a patient's blood pressure was ≥140/90 mm Hg on repeated measurements during the hospitalization or patient was on antihypertensive medication. Other risk factors were defined as follows: history of stroke (defined as a medical chart-confirmed history of stroke, including IS, intracerebral hemorrhage, or subarachnoid hemorrhage), coronary heart disease (a reported history of myocardial infarction or cardiac surgery, or with a final diagnosis of myocardial infarction at discharge), atrial fibrillation (a reported history of atrial fibrillation, or diagnosed using the patient's in-hospital EKG), diabetes mellitus (fasting blood glucose level ≥120 mg/dL, or use of antidiabetic drugs), dyslipidemia (total cholesterol measurement ≥240 mg/dL, high-density lipoprotein measurement <35 mg/dL, or use of lipid-lowering agents), current or previous smoking (defined as an individual who smoked at the time of stroke or had quit smoking within 1 year), and moderate or heavy drinking (≥2 standard alcoholic beverages consumed per day). Other clinical features included severity of stroke on admission (National Institutes of Health Stroke Scale score), 13 and persistence with secondary prevention medication, including antithrombotic (antiplatelet or anticoagulation) agents and antihypertensive agents (included angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, calcium channel blockers, diuretics, β-blockers, and other antihypertensives, including centrally acting adrenergics, peripherally acting antiadrenergics, and vasodilators). Persistence was calculated as the cumulative duration of taking medication divided by the length of the follow-up period. Persistence of ≥75% was defined as high and <75% was defined as low. Patients who did not take any medication during the follow-up period were defined as untreated. The detailed definition of persistence can be found in the online-only Data Supplement.
Recurrent stroke was defined as a new neurological deficit or a deterioration of the previous deficit that fits the definitions for ischemic or hemorrhagic stroke, 12 not considered to be because of edema, hemorrhagic transformation, or intercurrent illness. At 3, 6, and 12 months after the incident stroke, patients or their relatives were asked whether they had new symptoms and experienced rehospitalization with a diagnosis of IS or intracerebral hemorrhage. Hospitals that admitted patients with recurrent strokes were contacted to verify the diagnosis. All recurrent events were based on clear documentation in medical records, and neurological deficits had lasted longer than 24 hours. If a patient died within the year of follow-up, the cause of death was verified by examining the hospital medical records.
Statistical Analyses
For descriptive analysis, proportions were used for categorical variables and means with standard deviations were used for continuous variables. Demographic and clinical variables among different TOAST subtypes were compared by χ 2 test for categorical and analysis of variance test for continuous variables. The associations between HTN and stroke recurrence were analyzed in multivariable logistic regression models, after adjusting for potential confounders, including age, sex, history of stroke, diabetes mellitus, atrial fibrillation, dyslipidemia, coronary heart disease, smoking, drinking, stroke severity, and medication persistence during follow-up. Subanalyses of the data by TOAST subtypes were prespecified. Unadjusted and adjusted odds ratios (ORs) with 95% confidence intervals (CIs) are reported separately. Two-tailed probability values are reported, and a probability value <0.05 was considered significant in univariable and multivariable analyses. Data were analyzed using SAS version 9.1.3 statistical software (SAS Institute, Inc., Cary, NC).
Results

Characteristics of Patient Population
Of the 22 216 patients enrolled in the China National Stroke Registry, 18 580 patients had complete baseline information and agreed to participate in follow-up. Among them, 12 415 had an IS. Among these IS patients, 855 patients were lost to follow-up during the first year, leaving 11 560 patients for the final analysis. Among this group entered into the final analysis, 8409 (72.7%) had HTN ( Figure 1 ). The clinical characteristics of the analyzed population (n=11 560), including the prevalence of HTN (P=0.09) and the distribution of TOAST subtypes (P=0.06), were generally similar to those of 855 patients who were lost to follow-up. However, patients who (Figure 1 ).
Baseline characteristics according to stroke subtypes are presented in Table 1 . LAA and SAO subtype groups had a similar rate of HTN and diabetes mellitus, whereas SAO subtype had a milder stroke symptom on presentation. Patients with CE subtype were older and had a higher proportion of women, atrial fibrillation, coronary heart disease, and higher stroke severity scores on admission. This group was also less persistent with the antithrombotic or antihypertensive medications. Table 2 shows the comparison of stroke recurrence rates at different time points between patients with or without HTN in each IS subtype. For the entire study population (n=11 560), the cumulative stroke recurrence rate was 17.7% (n=2050) at 1 year after stroke onset. There was no statistically significant difference in stroke recurrence rates in patients with or without HTN at either 3 months (13.0% versus 12.9%; P=0.89), 6 months (16.2% versus 15.6%; P=0.48), or 1 year (18.0% versus 17.0%; P=0.21) after stroke onset. However, once they were stratified according to the IS subtypes, the stroke recurrence rate in the SAO subgroup was significantly greater in patients with HTN than in those without HTN (9.8% versus 6.3%, P=0.023 at 3 months; 12.3% versus 8.7%, P=0.031 at 6 months; 14.0% versus 9.3%, P=0.010 at 1 year). In contrast, there were no statistically significant differences between patients with and without HTN in the LAA, CE, or "Other" subgroups. The stroke recurrence rates and probability values were listed in Table 2 .
Association Between HTN and Stroke Recurrence in Patients Stratified by IS Subtypes
Furthermore, we used multivariable logistic regression analyses to investigate the association between HTN and risk of stroke recurrence. After adjusting for potential confounders, HTN was associated with stroke recurrence in the SAO subtype group at 3 months (OR, 1.77; 95% CI, 1.10-2.86), 6 months (OR, 1.48; 95% CI, 1.06-2.37), or 1 year (OR, 1.52; 95% CI, 1.03-2.31) after stroke onset. This phenomenon was not seen in the LAA, CE, or "Other" subtype groups. The unadjusted and adjusted ORs with 95% CIs are shown in Figure 2 .
Other Risk Factors for Recurrent Stroke in Each IS Subtype
Multivariable logistic analysis showed that diabetes mellitus, atrial fibrillation, and history of stroke were independent risk factors for recurrent stroke at 1 year in all IS subtypes, whereas dyslipidemia, smoking, and drinking had no association. Such as HTN, the impact of coronary heart disease on stroke recurrence varied according to IS subtypes ( Table 3 ). The detailed ORs with 95% CIs of above risk factors are shown in Table II in the online-only Data Supplement.
Discussion
To the best of our knowledge, this is the largest observational study exploring HTN as a risk factor for stroke recurrence in patients with different IS subtypes. We identified HTN as a risk factor for stroke recurrence within 1 year in Chinese patients with the SAO subtype of IS, but not in other subtype groups.
The results of previous studies concerning the association between HTN and stroke recurrence have been inconsistent. A positive association between HTN and stroke recurrence was seen in the Stroke Data Bank study, 1,2 the Lehigh Valley study, 3 the Northern Manhattan stroke study, 4 and the Nanjing Stroke Registry Program. 5 In contrast, no association was found in the Oxfordshire Community Stroke Project study 6 or the Rochester population study. 7 These studies evaluated the association of HTN and recurrent stroke in all IS patients, regardless of the subtypes. It is clear now that racial-ethnic differences would have different proportions of IS subtypes, as reported in different stroke registries. 14 As both the underlying pathogenesis and the role of HTN would vary among different IS subtypes, the results from these previous studies were nonconclusive. In this study, the positive association between HTN and stroke recurrence was only found in SAO subtype. This is consistent with the results of 2 previous clinical trials, 15, 16 which showed that lacunar strokes have a greater response to blood pressure-lowering strategy than other IS subtypes. As we know, lacunar infarction is usually caused by occlusion of a single, small, deep penetrating artery or one of its branches. HTN is characterized by lipohyalinosis and fibrinoid necrosis, particularly taking place in penetrating arteries. 17 HTN-related strokes are mainly lacunar infarctions or intracerebral hemorrhage because of rupture of resistance vessels affected by those pathological processes. 18 Russell was the first to propose that treatment of HTN may prevent hemorrhagic and lacunar strokes, but not those because of atherosclerosis. 17 Observations in a community blood pressure control study 19 supported the hypothesis, and showed that the strokes prevented by treating HTN are mostly because of hypertensive small-vessel diseases. To our knowledge, the PROGRESS study 15 was the only trial that examined the various subtypes of the outcomes of stroke in a secondary prevention setting, although the initial strokes were not subclassified. It showed that the risk of lacunar stroke was reduced almost by one quarter with active antihypertensive treatment. However, to date, no studies have answered the question directly, whether the HTN contributes to stroke recurrence in different subtypes of initial IS. In this large observational study, our results imply that, among patients with initial IS, the association of HTN with stroke recurrence is related to the IS subtype. HTN plays an important role for stroke recurrence within 1 year in patients with the SAO subtype of IS, but not in LAA, CE, or "Other" subtype groups.
Besides HTN, in this study, we also investigated the impact of other traditional risk factors on stroke recurrence in each IS subtype. The factors that are most constantly associated with recurrence among different subtypes are diabetes mellitus, atrial fibrillation, and history of stroke. It is worth noting that 
Stroke
May 2013 coronary heart disease was associated with stroke recurrence in LAA other than SAO, CE, or "Other" subtypes. This may be attributed to the same pathogenesis between myocardial infarction and LAA.
Our study also demonstrated differences among subtypes for recurrence rate, at 3 months, 6 months, or 1 year ( Table 2 ). The recurrence rate was highest for CE stroke, followed by LAA stroke, and lowest for SAO stroke. Our result was different from Western population studies, [20] [21] [22] in which a high recurrence risk was confirmed for IS LAA, and a minimum risk for lacunar stroke. The highest recurrence rate for patients with CE subtype in our study may be attributable to the older age, higher proportion of risk factors, and lower persistence with secondary prevention medication after discharge, compared with those with the other stroke subtypes.
Our study had some limitations. First, our data came from a hospital-based registry, which could have hospital selection bias, 23 including a greater number of patients with LAA or CE stroke, who would experience more severe symptoms than patients with an SAO stroke. Second, patients who were lost to follow-up had milder stroke than study population, which could also lead to selection bias. Third, blood pressure during the follow-up period was not recorded in the registry, and we could not evaluate the effect of blood pressure control and its impact on stroke recurrence. However, we used the level of persistence with antihypertensive medication during followup to reflect the control of blood pressure. 24 Finally, although we classified the subtypes of initial IS using the TOAST criteria, we could not classify the subtypes of recurrent stroke, as this information was not collected in the registry. It is likely that after the initial lacunar stroke, a recurrence is more likely to be another lacunar stroke. 25 
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Assessment of medication compliance
In this study, the compliance levels of antihypertensive and antithrombotic agents were calculated separately but used the same criteria. Compliance was defined as the overall duration of medication therapy. 1 Compliance with antihypertensive therapy was assessed through the telephone interview. At the 3-, 6-, and 12-month intervals after initial stroke, patients were asked whether they had taken antihypertensive therapy since their last follow up. A 'yes' answer at the 3-month follow-up was defined as 3 months' duration of therapy. A
'yes' answer at 6-month follow-up indicated that a patient had been taking medicine from 3-month to 6 month. A 'yes' answer at 12-month follow-up indicated that a patient had been taking medicine from 6-month to 12 month.
Compliance was calculated as the ratio of the cumulative duration of antihypertensive therapy and the duration of overall follow-up before the recurrence event. For example, if a patient had a recurrent stroke at 12-month follow up, a 'yes' answer with antihypertensive drugs used at 3-month follow up, a "no" answer at 6-month and a "yes" answer at 12-month, the compliance level was calculated as (3+0+6)/12=75%. If a patient had a recurrent stroke at 6-month follow up, a 'yes' answer with antihypertensive drugs used at 3-month follow up, but had a "no" answer at 6-month, the compliance level was calculated as (3+0)/6=50%. If a patient had a recurrent stroke at 3-month follow up, and a 'yes' answer with antihypertensive drugs used at 3-month follow up, the compliance level was calculated as 3/3=100%. Compliance of ≥ 75% was defined as high and < 75% was defined as low. Patients who did not take any medication during follow-up period were defined as untreated.
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